Abstract Context: Testing techniques proposed in the literature rely on various sources of information for test case selection (e.g., requirements, source code, system structure, etc.). The challenge of test selection is amplified in the context of heterogeneous systems, where it is unknown which information/data sources are most important.
Method: Case study research is used for the elicitation and understanding of which information sources are relevant for test case privatization, followed by an exploratory survey capturing the relative importance of information sources for testing heterogeneous systems.
Results:
We classified different information sources that play a vital role in the test selection process, and found that their importance differs largely for the different test levels observed in heterogeneous testing. However, overall all sources were considered essential in test selection for heterogeneous systems.
Conclusion: Heterogeneous system testing requires solutions that take all information sources into account when suggesting test cases for selection. Such approaches need to be developed and compared with existing solutions.
Introduction
With the technological advancement in the software industry, more and more heterogeneous systems are introduced in the market. A heterogeneous system is comprised of multiple subsystems. A review of literature on the topic conducted by us did not reveal a commonly agreed definition of what a heterogeneous system is. Though, literature provides examples, such as, heterogeneity in this context can refer to that systems are implemented on different platforms, being developed using different processes, be of different size, etc.
A subsystem can exhibit heterogeneity in terms of both hardware and software. It does not limit itself to these aspects, though. Heterogeneity can also occur at different levels within the software development process. Heterogeneous systems are inherently complex and pose certain challenges to the verification and validation activities, such as specification, selection and execution of tests.
Testing of heterogeneous systems has received vast attention in recent years. In large heterogeneous systems it was observed that regression test suites grow, and hence require too much time to execute. In response, there is a need to prioritize and select test cases [1] . The challenge of test selection has been thoroughly investigated in previous research (e.g., in systematic reviews [4, 10] ), but there still is a need to understand which information needs and sources are of relevance to guide practitioners of heterogeneous systems in selecting tests.
In this research, we identify the information sources required by practitioners involved in developing heterogeneous systems to prioritize test cases. This is done in a two step process. In the first step an industrial case study is conducted to understand how heterogeneous systems are tested and to elicit information sources, followed by an exploratory survey. The findings are compared with the literature investigating test selection independently of heterogeneous systems. The information gathered could be used in organizations to assure that the required information is available to testers to support them during the selection process. From an industrial perspective, identification of these information sources will further help to develop a framework to initiate a search space for automating test selection in different stages of development using search-based software testing techniques.
The remainder of the paper is structured as follows: Section 2 presents the related work. Section 3 outlines the research method, followed by the results in Section 4. Section 5 concludes the study by presenting a discussion of observations from the results.
Related Work
Heterogeneous Systems: Testing a heterogeneous system implies that several possible configurations must be tested. Reuse of artifacts is one way to speed up such repetitive activities considerably [6] . Otani et al. propose a framework that depends heavily on UML artifacts, which are used to automate independent verification and validation practices using generative technologies. These reusable artifacts are stored as XML data and reusable for other activities as well as other testing projects [5] . Otani et al. extend this work further [6] and introduce goal-driven reuse of artifacts in the context of heterogeneous systems. Changing configurations pose challenges to combinatorial testing techniques. To that end, Cohen et al. [3] conducted an empirical study to quantify the effectiveness of test suites. The study shows that there is an exponential growth of test cases when
